Background To obtain the pathogenic spectrum of infectious diseases of different development phases of children from different regions of Shandong Province, we collected the data of pathogens from 40 hospitals in 17 cities of Shandong Province, and aimed at promoting the management and reasonable application of children's antibacterial agents.
distribution of pathogenic spectrum is significantly affected by season change. Infections reveal inequality between the sexes. Conclusion We first established a provincial-level pediatric antimicrobial surveillance system (Shandong Province Pediatric Antimicrobial Resistance Surveillance System, SPARSS) in China. Supported by the analysis of big data for the first time, we confirmed that the pathogenic spectrums for children from different development stages and seasons are completely different. Besides, we also found the evidence for facts that men in general live shorter lives than women, and boys are more easily to be infected compared with girls. In order to promote reasonable and standard application of antimicrobial drugs on children, clinical doctors should choose antibiotics according to the results of the variation pattern and the distribution comparative analysis of pathogenic spectrum for children from different age groups concluded by our study. Background 5 Antibiotic resistance has now become a serious global public health crisis [ 1 ] . Although the clinical application of antibacterial drugs management method has been effectively implemented in China since August 1, 2012 , until now there is no national or provincial report of bacterial drug resistance monitoring data in China especially for such special group as children. There is also no big data statistical study on children's pathogenic spectrum or the variation pattern of the pathogenic spectrum of children from different age groups in China. Without pathogenic spectrums of children from different age groups, clinical doctors find it hard to use the antibiotics reasonably as one cannot make bricks without straw. Therefore, reasonable use of antibiotics is essentially groundless [ 2 ] .
To study the variation pattern of pathogenic spectrum for children from different age groups and conduct the distribution comparative analysis of the pathogenic spectrum between children and adults from multiple laboratories in Shandong Province, the SPARSS was established in 2017, including 40 laboratories (from 35 Grade 3A tertiary hospitals and 5 secondary hospitals) in 17 cities of Shandong Province. The data, collected from microbiology laboratories in a uniform format, were put into a central database using WHONET 5.6 software [3] . In this analysis, we established the first provincial-level surveillance network for children bacterial resistance in China. These data first provided a comprehensive picture of pathogenic spectrums in different regions of Shandong Province and different development phases of children.
Methods

Materials
Source of Strains
All aerobic bacteria (excluding anaerobic bacteria and fungi) collected from outpatients 6 and inpatients in 40 hospitals were obtained from the SPARSS in 2017. The monitoring duration was from January 1, 2017 to December 31, 2017. The strain data for statistics and analyses strictly followed these criteria: Only the beta hemolytic streptococcus of the throat samples was monitored. Among lower respiratory tract specimens, only the pathogenic bacteria and the growing pathogenic bacteria were monitored. Only intestinal pathogenic bacteria of the fecal specimens were monitored.
Only urine specimen isolates whose colony count were equal to or greater than 104colony forming units (cfu)/ml, and whose bacterial species were equal to or less than 2 were monitored. Exclusion criteria: Repetitive strains and the normal strains of the skin isolated from the sterile area were excluded. For Coagulase-negative Staphylococcus and Viridians Streptococci, only isolates collected from blood and cerebrospinal fluid were included in the analysis.
Bacterial Strains, Culture Media and Species Identification
In order to avoid repetitive counts, for every patient, only one isolate from the same species was included based on the personal identifying code and one's hospital. Species identification of the isolates was performed by standard biochemical methods using the Microsan Walkaway (Siemens, Germany) and Vitek 2 automated system (bioMérieux, France). 
Statistical Analysis
The pathogenic spectrum distribution analysis of children and adults was carried out by using the WHONET5.6 statistical analysis software for comparative analysis.
Results
Members of Shandong Province Pediatric Antimicrobial Resistance Surveillance System (
SPARSS)
Led by the Qilu Children's Hospital of Shandong University, the SPARSS network covers 17 8 prefecture-level cities in Shandong Province, including 35 tertiary hospitals and 5 secondary hospitals. They are uniformly distributed within the province, showing significant regional representativeness (see Figure 1 ). Therefore, the monitoring data can represent the basic pathogenic spectrum of children and adults in Shandong Province. 129,219 strains of bacteria were isolated from adults of the SPARSS network (39 members, 1 children's hospital data were excluded) in 2017. After the repetitive strains were removed, we collected 87,133 strains (analysis with patients), and the repetition rate is 148.30% which is higher than that of children (119.09%). It may be related to the fact that adults develop more complicated infectious diseases and the length of hospitalization associated with older people. The strains included 22,184 gram-positive bacterium strains (25.46%) and 64,949 gram-negative bacteria strains (74.54%). The rate of gram-positive bacteria strains (25.46%) for adults is significantly lower than that for children ( which are main bacteria in children's spectrum accounted for only 1.66% and 1.66% respectively in adults' spectrum (see Table 1 ).
Comparing the main pathogenic spectrum of the 26,762 strains isolated from children with that of the 87,133 strains isolated from adults, they have significant differences (see Table 1 ). Our large multicenter statistic results of this study confirmed that the We also find that the number of isolated Haemophilus influenza (purple curve) changes significantly as the seasons change on a monthly basis (the isolated number of strains increased from 62 in September to 248 in next January, which increased almost 4 times).
The trend of the monthly number variation of Haemophilus influenza is similar to that of the Streptococcus pneumonia (see Figure 3 ). As confirmed in previous studies, Streptococcus pneumoniae and Haemophilus influenza are main upper respiratory pathogens in children [4] , and both increase almost from September to next March. The change trend may be affected by the flu season [4, 5] . It has been reported that influenza virus is interacted with pathogenic bacteria, and confirmed the relation of influenza with
Streptococcus pneumoniae, Staphylococcus aureus, Haemophilus influenza, Neisseria
meningitidis, respiratory syncytial virus (RSV), human rhinoviruses, and human parainfluenza viruses, etc. [4, 6] .
The Comparison Between Different Genders
Infections reveal inequality between different genders. Females may have evolved a stronger immune system and faster immune response to infection so that they can protect the developing fetus compared with males [7] . In order to know the pathogenic spectrum difference between different genders of children, we analyzed the pathogenic spectrum of boys and girls separately. Unfortunately there is no obvious difference between different genders (see Table 2 ). The order of the first 7 pathogens in the pathogenic spectrum is quite the same for boys and girls. Only the Enterobacter cloacae and Stenotrophomonas maltophilia degraded two places. There's no significant difference between main bacteria such as Staphylococcus aureusandEscherichia coli in the antimicrobial resistance rate.
Through comparative analysis, the pathogenic spectrums of boys and girls are basically the same.
Since there is no significant difference of the main pathogens between boys and girls, no one can explain the reason why China has a time-honored saying: boys are hard to raise compared with girls. Scientists took notice on the difference between girls and boys when they were treated with the vaccine [7, 8] ; they found that the vaccine suppressed production of an anti-inflammatory protein in girls, but not in boys. We compared the ratio of strains number which separated according to gender between children and adults, and found that the ratio of strains number of man/ woman in adults was only 130.52%, but the ratio of strains number of boys/ girls in children was quite higher than adults, rising up to 168.83% (see Figure 4 ). According to data from the Shandong health department, the sex ratio at birth was 112.6% in 2016, so we can conclude that boys are more easily to isolate bacterium compared with girls. Our data are consistent with the ancient Chinese saying and the view of international scientists [7] : boys are more easily to be infected compared 12 with girls.
Discussion
We have established the first provincial-level pediatric antimicrobial surveillance system papers have reported that the separation rate is much higher for children than the adults [10] . Children have their unique characteristics of physiological development and pathogenic spectrum. This may affect children's immune function which is not fully mature, and can easily acquire acute upper respiratory tract infection. Respiratory pathogens in nasopharynx is closely related to factors such as the number of carrying rate and engraftment [9, 10] . We confirmed, according to the results from the big data analyses, that the bacterial infection of pathogenic spectrum of children is also completely different from that of adults [10] .
By analyzing the change trend of the percentage of main pathogens in children of different age groups, we found that the strain of Staphylococcus aureus in all age groups basically occupies the first or the second place (see Table 1 ). Only in children's group aged from 7 months old to 3 years old and group aged from 7 years old to 18 years old, the percentages of Streptococcus pneumonia and E.coli are higher than those of the Staphylococcus aureus. E. coli gradually goes from the third place to the first place in group aged from 7 years old to 18 years old, which is similar to adult pathogenic spectrum. Streptococcus pneumoniae and Haemophilus influenzae show significant characteristics of normal distribution as the age goes up. The number of isolated strains reaches a minor peak in the group aged from 7 months old to 3 years old. This indicated that, according to their distribution characteristics, we should pay more attention to this age group, and doctors should attach great importance to the detection of Streptococcus pneumoniae and Haemophilus influenzae strains. According to our finding, we suggest that doctors combine it with actual circumstances when they choose antibiotics according to the state of illness and the part of infection. The treatment they selected for children aged from 7 months old to 3 years old should also be based on factors, such as medical history and season, especially covering the two pathogenic bacteria mentioned above.
By analyzing the monthly variation change trend of main pathogens in children, the monthly number variation of Haemophilus influenza is similar to that of the Streptococcus pneumoniae. As we have known Streptococcus pneumoniae and Haemophilus influenza are main upper respiratory pathogens in children. They increased from September to next March almost at the same time. The change trend may be related to the flu season. As we all know seasonal influenza is a large burden during each wintertime [6, 11] . The increasing evidences show that influenza virus interacts with other pathogens colonizing or infecting the human respiratory tract, especially children [4] . The main pathogens may be critical to the decision of the rational use of antibiotics targeted the secondary bacterial infection [6] . The effect of the interval between influenza infection and bacterial acquisition reportedly affects the risk of bacterial invasion [12, 13] . Our result confirmed It have been reported that sexual reproduction can play a critical role in the origin of the outbreak of strains' infections [14] . The immune system's responses to infection of men and women are very different. Some publications, which have confirmed that immune responses of women and men are different, explained that women might have evolved a particularly strong and fast primary immune response in order to protect the developing fetuses and newborn babies. This might explain the reason why more women tend to develop autoimmune diseases such as multiple sclerosis and lupus than men. This confirmed that it boosted the girls' immune responses and may have made the vaccine more effective [8] . Genetic factors may also give some guidance on how gender affects infection. Professor Meyaard has found a protein called TLR7, encoded by a gene on the X chromosome, which causes a stronger immune response in women than in men [15] . In the past, we attributed men's short life span to smoking, drinking, high-risk work, high pressure and other factors, but children are not affected by these factors. Our data confirmed that boys are more easily to isolate bacterium compared with girls. Why are boys more likely to be infected? Men and women only differ in that they have one X chromosome and two X chromosomes [16, 17] . The result is consistent with the ancient Chinese saying and the view of international scientists [7] : boys are more easily to be infected compared with girls. We fortunately find a new explanation why men live shorter lives than women.
Conclusion
In our study, we first established a provincial-level pediatric antimicrobial surveillance system (SPARSS) in China, and confirmed that the pathogenic spectrums of children from different development stages are significantly different. Clinical doctors should select reasonable antibiotics according to the laws of the bacterial infection pathogenic spectrum in children of different ages, so as to promote the reasonable and standard application of antimicrobial drugs. In addition, we also find a new explanation for why, generally speaking, men live shorter lives than women. Our work may be helpful to promote the reasonable and standard application of antimicrobial drugs. Clinical doctors should choose the antibiotics reasonably according to the variation pattern of bacterial pathogenic spectrum in children from different age groups. The change trend analysis of main pathogen spectrum composition percentage in children of different age.
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